Abstract ： In recent years, the expression of desmin intermediate filament in muscle and tendon attachment brought about mechanical stress has been reported. Mastication and swallowing exercises can stimulate the growth of the tongue through functional load. However, the expression of intermediate filaments during development has not been investigated. Moreover, the relevance of the surrounding tissues to the development of the tongue is still unknown. Therefore, the expression of desmin in embryonic mouse tongue during development and the expression of vimentin in mesenchymal tissues were investigated by immunohistochemistry and Western Blot. Results revealed that at E11, there was no distinction between the tongue and mandible. Vimentin expression was detected in the entire tissue at E11 and the expression spread to the surrounding tissues over time. Desmin was not detected at E11 however, at E12, desmin expression was observed at the attachment of genioglossus and intrinsic muscle of the tongue which then became more intense and spread throughout the surrounding tissues. The IHC results coincided with Western Blot analysis. The results suggest that desmin expression at the site of intense mechanical loading plays an important function in mastication and swallowing.
Introduction
Desmin is an intermediate filament specifically expressed in skeletal and cardiac muscles [1] [2] [3] . The role of desmin in repair and retention of muscle tissue has been established 4, 5) . Expression of desmin at the junction of nerve and muscle during the development of muscle and tendons in skeletal muscle has been known 6) .
Recently, desmin has been found to be strongly expressed in skeletal muscle and bone attachment 7) .
Vimentin and desmin are type III intermediate filaments 8) . However, the expression of vimentin in osetoblasts and in skeletal muscle is different from desmin [9] [10] [11] . Furthermore, vimentin is also known as a marker of mesenchymal cells differentiating into various types of cells 12) . Furthermore, vimentin and desmin are deeply involved in the growth of skeletal muscle 13, 14) . The expression of vimentin and desmin in muscle tissue has been investigated so far [15] [16] [17] [18] [19] . However, the expression of vimentin and desmin in developing surrounding tissues is still unknown. In this study, we focused on the expression of these intermediate filaments in mouse embryonic tongue and developing mandible.
Materials and methods Animals
ICR mice at embryonic days 11, 12, 13 and 14 (E11, E12, E13, E14) were used in the study. The embryonic period of mice was determined by confirmation of the plug. A total of 5 pregnant mice were used for each embryonic day. Each pregnant mouse had about 14 fetuses in which 10 animals were used for Western Blot and the remainder was used for hematoxylin and eosin (H and E) staining and immunohistochemistry (IHC).The study protocol was approved by the Ethics Committee of Tokyo Dental College.
Tissue preparation.
The study was carried out following the guidelines of Tokyo Dental College on animal studies (Approval number 230102). Fetal mice were sacrificed by performing abortion with deep anesthesia using diethyl ether. The fetuses were fixed in 4% paraformaldehyde acid buffer at room temperature for 24h
followed by construction of paraffin blocks by routine preparation. Sections of 5 m were cut using microtome in a sagittal direction at the site where the mandible and the tongue and the surrounding tissues could be seen. 
Hematoxylin and eosin staining (H and E)
Slides were deparaffinized following routine histological preparation followed by H and E staining for morphological observation. Photographs were taken using UPM Axiophot 2 (Carl Zeiss MicroImaging GmbH, Germany).
Immunohistochemistry (IHC)
After deparaffinization, the slides were washed with PBS following routine preparation in IHC. Antigen retrieval was done using Dako REAL Target Retrieval Solution, pH9 (code No.S2367), placed in a Pascal pressure chamber (Dako), heated at SP1 125 o C 30S, SP2 10S, limit 10 o C. This was followed by blocking using 1% reagent Goat/PBS for 30 min at room temperature. Primary antibodies against vimentin (ab92547 ABCAM UK) and desmin (166-1 EPT USA) with a concentration of 1/1000 were used at 4 o C for 12h. Secondary antibody Alex Fuor 488 (A11008, Invitrogen, USA) with a concentration of 1/ 1000 was used at room temperature for 1h. Photographs were taken using UPM Axiophot 2 (Carl Zeiss MicroImaging GmbH, Germany).
Western blotting
At E11, because distinction between the tongue and mandible was not apparent, the tissue was excised as one lump. At E12, only the GGM was excised under the microscope to have an actual guide as much as possible. For all embryonic ages, only 1 sample from each group of 10 fetuses was used for Western Blot. 
. Localization of desmin during fetal mouse development at E11 (A), E12 (B), E13 (C) and E14 (D). (A)
Desmin expression was not apparent, (B) strong desmin expression in tissues corresponding to the future GGM, (C) desmin can be observed in the entire tissue and strong expression in GGM is apparent, (D) diffuse expression of desmin compared to C is evident. Scale bar=500 m.
(0.05% Tween20-TBS) solution for 1h. After thorough washing with TTBS (0.05% Tween20-TBS), the membrane was transferred in primary antibody solution (TTBS) with anti-vimetin (ab92547, ABCAM, UK) and anti-desmin (166-1 EPT USA) at 1/10,000 concentration and allowed to stand for 2h. After washing with TTBS, the membrane was transferred to the secondary antibody (BW-3100 APRO) and Strep Tactin (1/50,000) and allowed to stand for 2h. After thorough washing, protein expression was determined with chemiluminescent detection substrate (170-5070 BIO-RAD) for 5 min.
Results

H and E staining
At E11, the future tongue and mandible have not been separated and the structure was observed as one tissue mass (Fig. 1A) . Separation of the tongue and mandible began at E12 (Fig. 1B) .
Complete separation of the tongue and mandible was observed at E13 (Fig. 1C) . Moreover, it was noted that the genioglossus muscle (GGM) seems to invade the mandible from the tongue at E13. At E14, the tongue and mandible have grown bigger; development of tongue muscle has also been observed (Fig. 1D) .
Immunohistochemistry
At E11, vimentin was not only observed on the tongue but was also throughout the surrounding mesenchymal tissues ( Fig. 2A) . At E12, vimentin was seen throughout the surrounding tissues particularly at the attachment of the GGM to the mandible (Fig.  2B ). At E13, strong vimentin in the surrounding tissue became stronger (Fig.2C) . Moreover, strong vimentin expression at the site of the intrinsic muscle of the tongue crossing the mandible was also seen (Fig.2C) . At E14, strong vimentin expression spread throughout the entire tongue and surrounding mesenchymal tissues (Fig. 2D) . At E11, no expression of desmin was detected (Fig. 3A) .
However at E12, desmin was observed at the attachment of GGM and in the intrinsic muscle of the tongue (Fig. 3B ) and the expression became stronger at E13 (Fig. 3C) . At E14, the expression spread to the entire tongue (Fig. 3D) .
Western blotting
The results of Western Blot coincided with IHC. Vimentin was expressed from E11 to E14 with almost the same intensity. On the other hand, desmin was slightly detected at E11. However from E12 onwards, increased in desmin expression was observed (Fig. 4) .
Discussion
Several studies on the development of tongue have been made so far. During human tongue development, it is known that the nodule in between two lateral lingual swellings from the first branchial arch constitutes the body of the tongue. In this study, morphological analysis revealed that at E11, the midline portion of the tongue was found to be fused or attached to the mandible. This shows that the structure of the tongue has not been established yet at E11. Immunohistochemical analysis revealed that vimentin intermediate filament was expressed at E11. Vimentin is specific in mesenchymal cells and considered to be deeply involved in building tissues. In contrast, desmin is considered to be specifically expressed in muscle but not in premature tissues 5, 7) . The expression of vimentin at E11 in which there was no separation of the mandible and the tongue indicates that vimentin is important in the development of these tissues. Moreover, the expression of desmin at E12 during which separation of the tongue and mandible was noted indicates that desmin is has a functional at this stage. This coincides with previous studies that vimentin and desmin are involved in the growth of skeletal muscles 7, [12] [13] [14] 16) . Separation of the tongue from the mandible started at E12 although it was still incomplete at this point. The structure of the tongue was likewise incomplete at this stage. In this study, there was no change in the expression of vimentin but a change in the expression of desmin was confirmed in Western Blot analysis.
Strong desmin expression was detected in the site of the future tongue particularly at the GGM at the same time intense vimentin expression was also observed. It is believed that vimentin assisted the development of GGM and is deeply involved in the movement of the tongue. Moreover, GGM significantly changed the shape of the tongue. The marked extension of the tongue during swallowing makes the difference between human and mouse. For that, GGM was thought to be involved in swallowing as shown in the expression of vimentin during the early stages of embryogenesis. Furthermore, vimentin and desmin were strongly expressed in GGM during the subsequent stages. This was considered as training of swallowing and drinking of amniotic fluid 20) . The results suggest that vimentin is the primary intermediate filament integrated in the site during histogenesis and desmin was considered not to be significantly involved during this stage. In summary, vimentin forms the scaffold of the entire mesenchymal tissue in tongue while desmin is expressed at the site of intense mechanical load. The expression of intermediate filaments during the development of the tongue plays an important function in mastication and swallowing.
